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Amplifier/Filter : I + Q 

Typical Filter: 10 Hz High Pass, 

12 dB/Oct. 
Typical Gain: 5-1,000 
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Data Storage 
(Oscilloscope) 
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Filter Acquired Heart Data 
HF = 5 - 400 Hz 
IF =.5 -15 Hz 
LF = .05 - .5 Hz 
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Cardiac Evaluation 




Respiration Evaluation 
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HARDIAC EVM UATIQN PROCESS 



HF Peak Picking to 
Determine Peak Maxima Within 
Defined Windows 
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-Yes- 
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208 



Create Array of First Heart 
Vibrations: 
S1:(X1,X2, X3,...,Xn) 
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Create Separate Arrays for Heart 
Vibration 1 (S1) and Heart Vibration 2 
(S2) 

S1:(X1,X2, X3 Xn) 

S2: (Y1.Y2, Y3 Yn) 



Determine Heart Period (HP) intervals 

from S1 Array 
HP: [(X2-X1),(X3-X2) (Xn-X(n-1))] 



Evaluate Ventricular Systole Interval 
VSI:[(Y1-X1 ) l (Y2-X2),(Y3-X3) l .,(Yn- 
Xn)] 
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Determine Delta Heart Period (DHP) 
Intervals from S1 Array 

DHP: [(HP2-HP1),(HP3-HP2) 

(HPn-HP(n-l))] 



Evaluate Heart 
Rate Variability 
(HRV) 
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Display Average \ 
Heart Rate and 
Derived Parameters J 



Evaluate Delta 
Heart Rate 
Variability 
(DHRV) 
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Determine Delta VSI Intervals from VSI 
Array 

DVSI: [(VSI2-VSI1) f (VSI3-VSI2) 

(VSIn-VSI(n-l))] 
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Display Average 
Delta Heart Period 
and Derived 
Parameters 



Evaluate VSI 
Variability 
(VSIV) 
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/ Display Average 
/ Ventricular Systole 
Interval and Derived 
Parameters 



Evaluate Delta VSI 
Variability 
(DVSIV) 
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220 



< Display Average Delta 
Ventricular Systole 
Interval and Derived 
Parameters 
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HFART RATE VARIABILITY EVALUA TION PROCESS 
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Perform Linear Interpolation On HP Array 
(Typically Oversampled at ~100 Times 
Sample Frequency) 
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Define Acquisition Time Interval for 
Evaluation 
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If Array Does Not Possess 2 n Data 
Points, Pad with Y=0 or Truncate Data 
Set to 2" Points, as appropriate 
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Perform Fast Fourier Transform (FFT) on 
interpolated data set to obtain a power 
spectrum for heart data 
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Integrate power spectrum data to obtain 
power in terms of s 2 
LF~ 0.04 -0.15 Hz 
HF~ 0.15 -0.4 Hz 
VHF~0.4-1.0 Hz 



Calculate total power (TP) 
TP = LF + HF + VHF 
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Calculate power ratio 
LF/HF 
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Calculate normalized power 
LF NU = LF/(LF + HF + VHF) 
HF NU = HF/(LF + HF + VHF) 
VHF NU = VHF/(LF + HF + VHF) 
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Display HRV Power 

Spectrum and 
Calculated Results 
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Perform Linear Interpolation On Delta HP 
Array (Typically Oversampled at -100 
Times Sample Frequency) 
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Define Acquisition Time Interval for 
Evaluation 
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If Array Does Not Possess 2 n Data 
Points, Pad with Y=0 or Truncate Data 
Set to 2 n Points, as appropriate 
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Perform Fast Fourier Transform (FFT) on 
interpolated data set to obtain a power 
spectrum for delta heart period data 
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Integrate power spectrum data to obtain 
power in terms of s 2 
LF~ 0-0.15 Hz 
HF- 0.15 -0.4 Hz 
VHF-0.4-1.0 Hz 



Calculate total power (TP) 
TP = LF + HF + VHF 
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Calculate power ratio 
LF/HF 
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Calculate normalized power 
LF NU = LF/(LF + HF + VHF) 
HF =HF/(LF + HF + VHF) 

VHF NU = VHF/(LF + HF + VHF) 
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Display Delta HRV 
Power Spectrum 
and Calculated 
Results 
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Perform Linear Interpolation On VSI 
Array (Typically Oversampled at -100 
Times Sample Frequency) 
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Define Acquisition Time Interval for 
Evaluation 
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If Array Does Not Possess 2 n Data 
Points, Pad with Y=0 or Truncate Data 
Set to 2" Points, as appropriate 
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Perform Fast Fourier Transform (FFT) on 
interpolated data set to obtain a power 
spectrum for ventricular systole interval 
data 
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Integrate power spectrum data to obtain 
power in terms of s 2 
LF~ 0.04 -0.15 Hz 
HF~ 0.15 -0.4 Hz 
VHF-0.4-1.0 Hz 



Calculate total power (TP) 
TP = LF + HF + VHF 
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Calculate power ratio 
LF/HF 
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Calculate normalized power 
LF NU = LF/(LF + HF + VHF) 
HF NU = HF/(LF + HF + VHF) 
VHF NU = VHF/(LF + HF + VHF) 
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^Display VSIV Power \ 
Spectrum and 
Calculated Results J 
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Perform Linear Interpolation On Delta 
VSI Array (Typically Oversampled at 
-100 Times Sample Frequency) 
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Define Acquisition Time Interval for 
Evaluation 
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If Array Does Not Possess 2" Data 
Points, Pad with Y=0 or Truncate Data 
Set to 2 n Points, as appropriate 
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Perform Fast Fourier Transform (FFT) on 
interpolated data set to obtain a power 
spectrum for delta ventricular systole 
interval data 
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Integrate power spectrum data to obtain 
power in terms of s 2 
LF~ 0-0.15 Hz 
HF~ 0.15 -0.4 Hz 
VHF-0.4-1.0 Hz 



Calculate total power (TP) 
TP = LF + HF + VHF 
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Calculate power ratio 
LF/HF 
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Calculate normalized power 
LF NU = LF/(LF + HF + VHF) 
HF NU = HF/(LF + HF + VHF) 
VHF NU = VHF/(LF + HF + VHF) 
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'Display Delta VSIV \ 
Power Spectrum \ 
and Calculated I 
Results / 
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PFSP1RATION EVALUATION PROCESS 



Band Pass Method 
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LF Data 
Typically: 0.05 - 0.5 Hz 



704 



Peak Picking 
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Create Array of Respiration Events 
(X1.X2, X3 Xn) 
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Determine Respiration Period (RP) 
Intervals from Respiration Event Array 
RP: [(X2-X1),(X3-X2) (Xn-X(n-1))] 



Evaluate Respiration 
Rate Variability (RRV) 
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Integration Method 



Unfiltered Data 



Integrate Unfiltered Data 



Perform Baseline 
Correction 



Perform Bandpass Filter 
Typically: 0.05 - 0.5 Hz 
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Determine Delta Respiration Period (DRP) 

DRP: [(RP2-RP1),(RP3-RP2) 

(RPn-RP(n-l))] 
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Evaluate Delta 
Respiration Rate 
Variability (DRRV) 
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Perform Linear Interpolation On RP Array 
(Typically Oversampled at -100 Times 
Sample Frequency) 
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Define Acquisitin Time Interval for 
Evaluation 



804 



If Array Does Not Possess 2 n Data Points, 
Pad with Y=0 or Truncate Data Set to 2 n 
Points, as appropriate 
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Perform Fast Fourier Transform (FFT) on 
interpolated data set to obtain a power 
spectrum for respiration period data 
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Integrate power spectrum data over defined 
frequency range 
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/ Display Integration 
y Results 




Display RRV 
Power Spectrum 
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Perform Linear Interpolation On Delta RP 
Array (Typically Oversampled at -100 
Times Sample Frequency) 
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Define Acquisition Time Interval for 
Evaluation 
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If Array Does Not Possess 2 n Data Points, 
Pad with Y=0 or Truncate Data Set to 2 n 
Points, as appropriate 



Perform Fast Fourier Transform (FFT) on 
interpolated data set to obtain a power 
spectrum for heart data 
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Integrate power spectrum data over defined 
frequency range 
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/ Display Integration 
I Results 




Display Delta RRV X/ 
Power Spectrum / 
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